Abstract. In recent years, carbon emission regulations in response to global climate change have been issued in succession or will be issued soon, while world trade is gradually shifting from inter-industry trade to intra-product trade. In this paper, through theoretical and empirical analysis, it is found that under intra-product specialization background, carbon emission regulations of developed countries has hindered the technological progress of the developing countries. The carbon regulation will affect the learning by doing, R&D investment and technology diffusion by raising the threshold, eroding profits and setting up technical barriers for the developing countries to participate in the intra-product specialization and trade. In addition, there are limited industrial differences in the effects of carbon emission regulations of developed countries on the technological progress of developing countries in participation in intra-product specialization and trade. The greater the technical content and scale of the industry are, the stronger the constraint of carbon emission regulations on the intra-product trade technology will be. The more intensive the capital is, the less the hindering effect of carbon emission regulations on export technology for intra-industry trade will be.
Introduction
The United Nations Intergovernmental Panel on Climate Change (IPCC) has established double track emission reduction regulation based on "common but differentiated" principle, that is, the countries in Appendix I (mainly developed countries) are required to implement forced emission reduction, while those non Appendix I countries (mainly developing countries) do not have to perform this obligation. The double track emission reduction regulation lacks supporting policies on trade measures, so the countries in Appendix I worry about the damage to their domestic competitiveness, namely under the pressure of emission reduction, they transfer high emission industries to developing countries, so the border carbon adjustments (BCA) regulation is hotly debated in the developed countries. As a responsible developing country, China is voluntary to reduce emissions and control the export of High pollution, High energy consumption and Resource-based products to achieve of goal of reducing the carbon intensity per unit GDP by 40-45% from the level of 2005 by 2020. Therefore, the development of intra-product trade of China is bound by the relevant carbon emission regulations from United Nations agencies, major developed countries and domestic voluntariness, etc. To explore the key way of coping, it is necessary to study the effect of carbon emission regulations on intra-product trade of China, especially on technological progress.
Mechanism of How Carbon Emission Regulations Affect the Intra-product Trade Technology

Literature Review
The literatures on the effect of carbon emission regulations on the intra-product trade technology include two aspects: 1) intra-product trade technology; 2) effect of carbon emission regulations on intra-product trade technology. First of all, the literatures on the first aspect are sorted out. Based on the industrial data of 19 industrial sectors in China in 1992~2003, Bin Sheng and Tao Ma (2008) indicated that the domestic technical content of products changed in the opposite direction from its vertical specialization level [1] . According to the data of China's manufacturing industry in 1992-2010, Shujin Zhu et al. (2013) indicated that the domestic technical content of export trade had the trend of first decreasing and then rising, but its contribution index tended to decline in general and FDI had promoting effect on the domestic technical content of export trade, while the import trade was opposite to export [2] . Based on the data of 1995-2005, Meng Meng (2012) found that the total technical content and domestic technical content contained in export final products of China both rose constantly, but the growth rate of domestic technical content was lower than that of total technical content [3] . With the data of 20 manufacturing industries in China in 2001~2010, through study, Qi Meng (2013) found that the domestic technical content of their export products increased continuously, and the main factors follow the order of domestic R&D investment > intermediate product > foreign direct investment [4] . Based on theoretical and empirical analysis, Ermias Weldemicael (2014) found that, for less-developed countries, the export complexity was positively related to science and technology, and the influence of the latter was greater than the trade cost [5] . Next, the literatures on the second aspect are investigated. Cheng Zhang et al. (2011) believed that reasonable environmental regulation policies could not only improve enterprise's pollution control technology, but also promote the progress of production technology [6] . With the provincial level data of 2002 ~ 2008, and by taking the removal rate of industrial sulfur dioxide as environmental control index, Kang Zhou found that environmental control was positively correlated with the complexity of export technology [7] . [8] . In addition, through study, Koopman et al. (2012) found that the content of foreign elements in China export trade was about 50%, and and the content of foreign elements in high-tech product export trade is even as high as 80% [9] . Similarly, the study by Amiti and Freund (2010) showed that high-tech products accounted for a growing share in China export trade, but after considering the intra-product trade, the technical content of China manufacturing industry has not been improved [10] . Where, the classic examples are the iPhone mobile phones exported from China. The main components of these exported iPhone mobile phones come from the United States, Japan, Germany and South Korea, and China is only engaged in assembly which accounts for 3.63% of the total cost (See Table 1 ). In this example, if the imported intermediate products used in the export products are not considered, the technical content of China export product is very high; however, after the imported intermediate products used in the export products are considered, the technical content of China export product will be lower.
Domestic Technical Content of Intra-product Export Trade
Mechanism of How Carbon Emission Regulations Affect the Intra-product Trade Technology
Learning by doing, R&D investment, technology diffusion and spillover are the main ways to acquire technology. Under intra-product specialization background, carbon emission regulations of developed countries mainly influence the technology of developing countries through the following channels (see Figure 1 ): The first is the extrusion effect of carbon emission regulations on R&D investment, i.e. carbon emission regulations of developed countries affect the R&D investment of enterprises in developing countries that participate in intra-product specialization. This is because the implementation of carbon emission regulations from developed countries will increase the production cost of the enterprises that participate in intra-product specialization, and erode their profits, causing the latter′s investment that can be used for research and development be extruded. The second is carbon emission regulations raise the threshold of learning by doing. Intra-product specialization is the "second deconstruction" of global economy, which makes full use of the huge pay differentials between the developed countries and developing countries to lower the threshold for developing countries to participate in global division of labor. In the context of inter-product specialization, to participate in the international division of labor, developing countries need to have a comparative advantage in some product. However, in the context of intra-product specialization, to participate in global intra-product specialization, developing countries only need to have a comparative advantage in some production procedures. Labor-intensive industries are generally industries with high carbon emissions, and accordingly belong to the procedures with high carbon emissions. Therefore, carbon emission regulations of developed countries have undoubtedly increased the threshold for developing countries to participate in the intra-product specialization with labor force comparative advantage, making the scope and depth of the latter's participation in the global intra-product specialization as well as the technology obtained through learning by doing all decrease. The third is hindering effect of carbon emission regulations on technology diffusion and spillover. Feenstra (1998) believed that as global value chain leaders outsourced the non-core business to small and medium-sized enterprises in developing countries, accordingly the knowledge and technology were transferred to small and medium-sized enterprises in developing countries [11] . However, through studies on electronics, aviation and other industries, Nolan et al. (2008) found that to control the global value chain, global value chain leaders had constructed the technical barriers with patents and industry standards, which makes it difficult for the developing countries to obtain technology [12] . In addition, as an important way to protect developed countries' economic rent in intra-product specialization and trade, the setting of carbon emission regulations has bias, i.e. the carbon emission regulations of developed countries are based on the comprehensive consideration for relevant factors like the development level, institutional environment, factor endowment, etc., and the actual considerations for the developing countries are not much. Therefore, the carbon emission regulations of developed countries have little innovation compensation effect and great cost extrusion effect on the intra-product specialization in developing countries, thus hindering technological progress. Quadros (2004) took Brazil's participation in vehicle intra-product specialization as an example, through which it is found that the seller's standard requirements had resulted in a decline of design capability [13] . 
Factors through which Carbon Emission Regulations Affect the Intra-product Trade Technology
Factors through which carbon emission regulations of developed countries affect the intra-product trade of developing countries include:(1) The extent to which developing countries participate in intra-product trade. The deeper the extent to which developing countries participate in intra-product tradeis, the greater the negative effect of carbon emission regulations on intra-product technology of developing countries will be. This is because the deeper extent to which developing countries participate in intra-product trade indicates closer connection with the developed countries and deeper influence degree of carbon emission regulations of developed countries on the intra-product trade technology of developing countries through learning by doing, R&D investment and technology diffusion. (2) Characteristics of industry in the aspects of technology, element and scale. According to the new classical analysis framework, technological capability (TC) is a technique for enterprises to make use of technical software (information) and hardware (equipment) efficiently to adapt to the changes in technology. However, in the same environment, the technological progresses of enterprises participating in intra-product specialization and trade are different, indicating that their technological capabilities are different. Therefore, there are industry differences in the effect of carbon emission regulations on China intra-product trade technology. The greater the technical content and scale of the industry are, the stronger the constraint of carbon emission regulations on the intra-product trade technology will be. The more intensive the capital is, the less the hindering effect of carbon emission regulations on export technology for intra-industry trade will be.
Empirical Analysis on How Carbon Emission Regulations Affect China Intra-product Trade Technology Empirical Strategy
On the basis of above mentioned theoretical studies, this paper mainly studies the technical effects of carbon emission regulations of developed countries on China intra-product trade under different industry characteristics, and the following model is hereby constructed (see Eq. 1).
DT=C+ᵦ1CR+ᵦ2VS+ᵦ 3(VS*CR)+ᵦ 4TE+ᵦ 5(TE*CR)+ᵦ6EN+ ᵦ7(EN*CR)+ ᵦ8SC+ ᵦ9(SC*CR)+ᶓ
Where, C, ᵦi (i=1,…,9), ᶓ are respectively constant term, regression coefficient and error item, and the meanings of other variables are as follows:
DT: Domestic technical content of intra-product trade export. For this value, the characteristics of intra-product export are taken into account and the import factors are removed to avoid overvaluation.
CR: Carbon emission regulations, measured by industrial output per unit carbon dioxide emissions; the higher this value is, the greater the intensity of carbon emission regulations will be. VS: The extent to which industry participates in intra-product specialization, measured by foreign capital (because main force of China participating in intra-product trade comes from foreign investors). The World Trade Report 2013 also pointed out that FDI is a reasonable tool variable of intra-product specialization. The higher this value is, the higher the extent to which the industry participates in the intra-product specialization will be, and vice versa.
TE: Technical characteristics of industry, expressed as the proportion of R&D expenditure in industrial output value. The higher value represents technology-intensive industry, and the lower value represents industry with low technical content.
EN: Elemental characteristics of industry, obtained through dividing the fixed assets net value of the industry by number of people engaged. The higher value represents capital-intensive industry, and the lower value represents labor-intensive industry.
SC: Average scale characteristics of the industry, expressed by dividing the output value by the number of enterprises. The larger this value is, the larger the enterprise scale will be; the smaller this value is, the smaller the enterprise scale will be.
The cross terms of carbon emission regulations (CR) with the extent to which industry participates in intra-product specialization (VS), technical characteristics (TE), elemental characteristics (EN) and scale characteristics (SC) were introduced respectively to study the differences in effects of carbon emission regulations on intra-product trade export technology under different industry technological, elemental and scale characteristics. In concrete regression, mixed panel data model and stepwise regression method are adopted.
Data Source
Because of data availability, the intensity of carbon emission regulations faced by all industries of China is substituted by the domestic corresponding carbon dioxide emission intensity, and industrial emissions of carbon dioxide is multiplied by the coefficient of carbon dioxide emissions according to its energy consumption (2.13t CO2 /1t standard coal). The energy consumption data of specific industries are sourced from China Energy Statistical Yearbook. The technical data on intra-product export of China are sourced from the study results of Chuanzhong Du and Li Zhang (2016) [14] (as shown in Table 2 ). Industry output value, foreign investment, number of people engaged, fixed assets net value, number of enterprises and other data are sourced from China Industrial Economic Statistical Yearbook of past years, and due to the inconsistency in classification, the appropriate adjustment has been made. Data on R&D expenditure are sourced from China Statistical Yearbook on Science and Technology of past years. The sample period is 2006~ 2015, and the sample space includes 19 industries such as media selection. In order to eliminate the influence of price fluctuation factor, all the factors involving the price are adjusted to calculate according to price of 2010.
Empirical Results and Analysis
Regression results (as shown in Table 3 ): Each variable of the five models passed the significance test within 10% level, and their F statistics all passed the significance test within 1% level, which indicate that they passed the integrity test. All five models show that carbon emission regulations have negative effect on the export technology of intra-product trade. This is because, under the condition that the production technology and resource allocation level are established, driven by the maximization of benefits, the enterprises have made optimal choice according to the existing production constraints, so the extra carbon emission regulations can only increase the cost of the enterprise to reduce enterprise′s investment in technology innovation. Table 3 . Regression results.
( Note: ***, ** and * respectively represent the significance within 1%, 5% and 10% levels.
Participation in intra-product specialization has promoting effect on export technology of intra-product trade because participation in intra-product trade results in the transfer of advanced technologies from transnational corporations to China through intermediate product trade and other channels, and China thus increases the technical content of intra-product trade export through ″learning by doing″. Gereffi (1999) took apparel as an example to study the learning mechanism of intra-product specialization and trade (value chain), making the suppliers of developing countries ascend to acquire knowledge of other links from only mastering the knowledge of some procedure [15] . China became a global photovoltaic product export powerhouse by obtaining photovoltaic technologies through buying turnkey production lines from Germany, America and other countries. Based on the panel measurement models of 27 manufacturing industries in China in 2001-2010, Weilin Liu et al. (2014) examined the influence of the participation in intra-product specialization on technical complexity of manufacturing export. The results show that by participating in intra-product specialization, manufacturing industries of China can obtain foreign intermediate investment and promote the enhancement of technical complexity of export [16] . It can be seen that the influence of intra-product specialization on export technology is the result of combined action of exogenous technology progress and endogenous technology progress. However, it is necessary to point out that China's participation in the intra-product specialization only provides a possibility for technological innovation, and to turn such possibility into reality, government is required to have corresponding supporting policies and enterprises are required to have corresponding supporting capabilities, because technological innovation is not a mechanical and linear process, and requires special funds and labor input. The cross term between the extent to which industry participates in intra-product specialization (VS) and carbon emission regulations (CR) is negative, which indicates that the higher the degree of participation in the intra-industry specialization is, the greater the hindering effect of carbon emission regulations on export technology for intra-industry trade will be. From the perspective of global value chain, China is at a passive position in the intra-product specialization. Therefore, the higher the degree of industry′s participation in the intra-product specialization is, the higher the degree of control by the transnational corporations of developed countries will be, and in this case, it is difficult to carry out the technological innovation to deal with the international carbon emission regulations, because in the context of vigorous development of global low-carbon economy, low carbon technology is one of the main sources of the core competitiveness of transnational corporations. Secondly, the degree of participation in intra-product specialization is high, the import proportion of intermediate products is too high, and China is only engaged in the assembly for export. However, the current carbon emission regulations cannot be implemented fundamentally in accordance with the carbon footprint of the production cycle, so China is responsible for carbon emission as an assembly and export place. Therefore, carbon emission regulations have short circuit to the transmission channel of technological innovation in the intra-product trade export only engaged in assembly.
Technical content of industry has promoting effect on the export technology of intra-industry trade. Technology intensive industries have stronger technology spillover effect, and they are more likely to learn high-grade, high-precision and advanced technology from foreign countries by participating in international intra-product trade. The cross term between the technical content of industry (TE) and carbon emission regulations (CR) is negative, which indicates that the higher the technical content of industry is, the greater the hindering effect of carbon emission regulations on export technology for intra-product trade will be. To implement technology innovation, technology intensive industries should invest a lot. However, carbon emission regulations can improve the production and export costs, forcing enterprises to invest the limited funds into the field of production to reduce R&D investment. The more technologically intensive industries are more sensitive to the reduction in R&D investment, so the more intensive the industrial technology is, the greater the hindering effect of carbon emission regulations on the export technology of intra-product trade will be.
Capital has hindering effect on the export technology of intra-product trade because the advantage of China's participation in intra-product trade is labor, which is more conducive to absorbing the technology diffusion of developed countries, but the advantages of capital-intensive industries participating in the intra-product specialization are not obvious, which is not conducive to absorbing the technology diffusion of developed countries. However, capital-intensive industries generally have higher technological capability, which makes it easier to cope with carbon emission regulations. Therefore, the cross term between the factor endowment (EN) and carbon emission regulations (CR) is positive, i.e. the more intensive the capital is, the less the hindering effect of carbon emission regulations on export technology of intra-industry trade will be.
The enterprise scale has promoting effect on the export technology of intra-industry trade. The cross term between enterprise scale (SC) and carbon emission regulations (CR) is negative, which indicates that the larger the enterprise scale is, the greater the hindering effect of carbon emission regulations on export technology of intra-industry trade will be. Larger enterprises are more constrained by carbon emission regulations because they undertake more social responsibilities. The implementation of carbon emission regulations weakens the scale advantage of large enterprises, because technological innovation has the characteristics of high cost and high risk, forcing large enterprises to seek rents from the government and reducing the level of innovation. From the national level, in the face of carbon emission regulations of developed countries, the smaller the industry scale is, the more the enterprise will be, so that it will be easier to realize the "cost discovery", thus improving the technological level of intra-product export trade.
Conclusion
Theoretical and empirical analysis shows that the carbon emission regulations of developed countries have hindered the technological progress of developing countries like China in the intra-product specialization and trade. The internal mechanism is that carbon emission regulations of developed countries raise the threshold, erode the profits, and establish technical barriers for developing countries to participate in intra-product specialization and trade to affect the latter′s learning by doing, R&D investment and technology diffusion, thus hindering their technological progress. In addition, there are limited industrial differences in the effects of carbon emission regulations of developed countries on the technological progress of developing countries in participation in intra-product specialization and trade. The greater the technical content and scale of the industry are, the stronger the constraint of carbon emission regulations on the intra-product trade technology will be. The more intensive the capital is, the less the hindering effect of carbon emission regulations on export technology for intra-industry trade will be.
